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ABSTRACT
Objective Neighbourhood characteristics may affect 
the level of physical activity (PA) of the residents. Few 
studies have examined the combined effects of distinctive 
neighbourhood characteristics on PA using objective 
data or differentiated between activity during working 
or non- working days. We examined the associations 
of socioeconomic disadvantage and greenness with 
accelerometer- measured leisure- time PA during working 
and non- working days.
Design Cross- sectional study.
Setting Finnish Retirement and Aging (FIREA) study.
Participants 708 workers (604 women, mean age 62.4 
ranging from 58 to 64 years,) participating in the FIREA 
study who provided PA measurement data for at least 1 
working and non- working day.
Primary and secondary outcomes PA was measured 
with wrist- worn accelerometer on average of 4 working 
and 2 non- working days. Outcomes were total PA, light 
PA (LPA) and moderate- to- vigorous PA (MVPA). These 
measurements were linked to data on neighbourhood 
socioeconomic disadvantage and greenness within the 
home neighbourhood (750×750 m). Generalised linear 
models were adjusted for possible confounders.
Results On non- working days, higher neighbourhood 
disadvantage associated with lower levels of total PA (p 
value=0.07) and higher level of neighbourhood greenness 
associated with higher level of total PA (p value=0.04). 
Neighbourhood disadvantage and greenness had an 
interaction (p value=0.02); in areas of low disadvantage 
higher greenness did not associate with the level of total 
PA. However, in areas of high disadvantage, 2 SD higher 
greenness associated with 46 min/day (95% CI 8.4 to 
85) higher total PA. Slightly stronger interaction was 
observed for LPA (p=0.03) than for the MVPA (p=0.09). 
During working days, there were no associations between 
neighbourhood characteristics and leisure- time total PA.
Conclusions Of the disadvantaged neighbourhoods, 
those characterised by high levels of greenness seem 
to associate with higher levels of leisure- time PA during 
non- working days. These findings suggest that efforts 
to add greenness to socioeconomically disadvantaged 
neighbourhoods might reduce inequalities in PA.
BACKGROUND
Physical activity (PA) is a modifiable health 
behaviour with high relevance in the preven-
tion of major chronic conditions (eg, cardio-
vascular disease and diabetes).1 Several 
factors such as poor health status,2 higher 
age,2 obesity,3 low socioeconomic position 
in childhood4 5 and adulthood6 have been 
linked to lower leisure- time PA. In addition, 
socioeconomic,7 built2 8 9 and natural char-
acteristics10 11 of residential neighbourhoods 
have shown to be associated with differences 
in PA levels.
Strengths and limitations of this study
 ► Physical activity (PA) was measured objectively with 
wrist- worn accelerometers rather than self- reports 
allowing separate analysis for light, moderate- to- 
vigorous and total PA.
 ► Data on working days enabled us to separately as-
sess leisure- time PA on working days versus non- 
working days.
 ► Neighbourhood disadvantage and greenness were 
independently assessed, allowing us to check the 
interactive effect of these two dimensions in relation 
to leisure- time PA.
 ► The study population included predominately female 
ageing workers, so the generalisability of the find-
ings to other populations needs to be confirmed in 
future studies.
 ► Cross- sectional study design limits causal inference.
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Most evidence regarding the association of residential 
neighbourhoods and level of PA to date relies on self- 
reported PA measurements.12 13 Such data are not ideal 
and may either underestimate or over- estimate the asso-
ciations due to inaccuracies in self- reporting.14 More 
recent studies have used accelerometer- measured PA, but 
the findings on associations with neighbourhood char-
acteristics have been mixed.15–18 One study found built 
environment and socioeconomic neighbourhood charac-
teristics to be associated with accelerometer- measured PA 
in people aged ≥69 years such that the built characteris-
tics (eg, density of shops and services) had a smaller role 
in PA than neighbourhood- level income.16 In two studies, 
the amount of green space was not associated with PA,16 19 
but in a third study, among younger adults, higher avail-
ability of green areas was linked to higher PA levels.20 Yet 
another study of 14 cities observed an association between 
number of parks within 500 m buffer around home (ie, an 
indicator of greenness) and PA.18 At least one earlier study 
sought to distinguish associations of neighbourhood walk-
ability and PA from those of neighbourhood- level income 
and PA, that is, the interaction of the two neighbourhood 
variables. In their main analysis, minutes of walking for 
transportation were higher in high versus low walkability 
neighbourhoods. When stratifying by neighbourhood 
income level, this association remained and was slightly 
stronger in high- income versus low- income neighbour-
hoods after controlling for neighbourhood preferences.21 
However, studies addressing the question whether there 
is an interaction between neighbourhood socioeconomic 
disadvantage and natural characteristics in relation to 
objectively measured PA are scarce. The interaction 
between socioeconomic disadvantage and greenness is 
of particular interest as green areas have been associated 
with several health benefits, including PA,10 11 while the 
increasing rate of urbanisation22 is leading to changes in 
land use. It is therefore essential to provide more detailed 
information about the role of greenness for urban plan-
ners for the basis of just and effective desicions.23
Some inconsistences in prior research may be because 
they reported accelerometer- measured overall PA across 
all measurement days rather than focusing separately on 
leisure- time PA during working and non- working days. 
This is an important caveat, because residential environ-
ments are more likely associated with leisure- time PA of 
working adults since people are expected to spend leisure 
time in these environments. One study among working- 
aged adults examined associations between neighbour-
hood characteristics and PA by day of the week and time 
of the day.24 However, that study did not provide informa-
tion on the work status of the participants and thus the 
differences in associations on working and non- working 
days could not be examined.
To address some of the gaps in prior evidence, we exam-
ined independent and joint associations of socioeconomic 
and natural characteristics of residential neighbour-
hood with leisure- time light PA (LPA) and moderate- to- 
vigorous PA (MVPA), that is, total PA, separating working 
and non- working days, and using objective measures of 
the exposures and outcomes.
METHODS
Study population
The Finnish Retirement and Aging (FIREA) study is an 
ongoing longitudinal cohort study of older adults in 
Finland. The population eligible for the FIREA included 
all public- sector employees working in 2012 in one of 
the 27 municipalities in Southwest Finland, or in nine 
selected cities of five hospital districts around Finland, 
whose retirement date was between 2014 and 2019.25 
The survey cohort includes 6679 participants who have 
responded to at least one of the FIREA questionnaires. 
All participants provided written informed consent.
We used data from the FIREA activity substudy including 
938 participants who were still working at the baseline 
of the substudy.26 Of them, we excluded six participants 
whose accelerometer- assessed total PA measurements had 
technical errors, 29 who had no valid PA measurements for 
any day, 156 who did not have information on 1 working 
and 1 non- working days and 39 who had no linkage to 
both objective measures of neighbourhood characteris-
tics based on coordinates of their home address. While 
many studies have used a minimum of 3–4 valid days of PA 
measurement,16 18 some have used lower cutoffs.17 24 We 
included an analytical sample that consisted of 708 partic-
ipants with minimum of 1 day of valid data for working 
and non- working day to obtain adequate power for the 
statistical analyses. Valid data were defined as 10 hours of 
more wake wear time.
Neighbourhood characteristics
Neighbourhoods were characterised by socioeconomic 
disadvantage and greenness, which were available on a 
250×250 m map grid that covers the whole country. For 
sensitivity analyses, we included a binary variable for 
urban areas (inner and outer urban areas vs not) whose 
definition was based on the urban–rural classification of 
the Finnish Environment Institute.27
Socioeconomic disadvantage
We calculated a standardised index for neighbourhood 
socioeconomic disadvantage like in previous studies.28 29 
We used median household income (coded as additive 
inverse), low educational attainment (percentage of 
people over 18 years old with low education) and unem-
ployment rate (unemployed people belonging to the 
labour force/total labour force) from each map square. 
For each of the three variables, we derived a standardised 
z score (national mean=0, SD=1). A total disadvantage 
score was then calculated by taking the mean value across 
all z scores; the mean of the score in the study population 
was −0.15 (range −2.13 to 3.86), with a higher score indi-
cating a higher disadvantage. The information for the 
map grid was based on the total population living within 
each square at the time of data collection.30 Here we used 
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population registers from 2012 by Statistics Finland. For 
the analyses, we defined a neighbourhood as nine 250×250 
m map squares, that is, the square where the participant’s 
residence was located and the eight surrounding squares, 
resulting in 750×750 m neighbourhoods. This slightly 
larger area is likely more relevant than the small 250×250 
m square when examining leisure- time PA and is more 
comparable to prior studies that have used 0.5 km buffers 
based on road distance.10 18
Greenness
The degree of greenness in the neighbourhood was calcu-
lated as Normalised Difference Vegetation Index (NDVI) 
that can get values ranging from −1 to 1 where values 
below zero represent cloud, snow and water surfaces, 
and values above zero represent land surfaces. Here, the 
index was derived from a satellite image composite using 
Google Earth Engine.31 The composite was a median of 
cloud- free 30×30 m resolution Landsat 5 Thematic Matter 
surface reflectance images selected between June and 
August, in 2009 and 2010. These data were also processed 
to fit the grid of Statistics Finland, and mean NDVI was 
calculated for each 250×250 m map square. For the anal-
yses, we removed areas covered by water and recoded 
these areas as NDVI=0. This was made to prevent negative 
values for underestimating the greenness values of the 
neighbourhoods like in prior studies.32 33 After this, we 
calculated mean percentage of NDVI, later referred to as 
greenness, for each square. As with the other measures, 
750×750 m areas defined neighbourhoods.
Measurement of PA
We used triaxial ActiGraph accelerometers, models wActiS-
leep- BT and wGT3X- BT (ActiGraph, Pensacola, Florida, 
USA) to measure PA over 7 consecutive days and six 
consecutive nights. Between September 2014 and January 
2017, the devices were mailed to the participants along 
with instructions to wear the device on their non- dominant 
wrist throughout the measurement period, including water- 
based activities such as swimming, but to remove it for 
sauna. They were asked to record in a diary their bedtime, 
waking time, information about working or non- working 
day and, for working days, time of the beginning and end 
of each work shift when they wore the device.
We used R- package GGIR34 V.1.8.0 to analyse raw accel-
eration data from the wrist- worn accelerometers in R 
statistical software, V.3.5.1 (R Foundation for Statistical 
Computing, Vienna, Austria, https:// cran. r- project. org/). 
The R- package GGIR script that we used is shown in the 
online supplementary material. The GGIR method35–37 
included (1) autocalibration according to the local gravity, 
(2) detection of sustained abnormally high values and 
non- wear time and (3) calculation of the average magni-
tude of dynamic acceleration expressed as Euclidean Norm 
Minus One (ENMO, as mg, milligravitational units where 
g=9.81 m/s2) over 5 s epochs with negative values rounded 
to zero. Sleep time was detected and excluded from the 
activity measurements based on the algorithm of the GGIR 
package, which was guided by the information from the 
diaries.38 Non- wear time was based on 15 min blocks, based 
on the characteristics of the 60 min window centred at these 
15 min blocks. A block was classified as non- wear time if SD 
of the 60 min window was less than 13.0 mg for at least two 
out of the three axes or if the value range, for at least two 
out of three axes, was less than 50 mg.35 37
Days with less than 10 hours of accelerometer wake 
wear time were excluded. Based on the diary markings, 
we further restricted the activity measurements to time 
periods including only leisure time: leisure time during 
working days (ie, wake time outside working hours) or 
all wake time on non- working days. We defined LPA 
using a threshold of 30 mg39 and MVPA by a threshold of 
100.6 mg.40 Total PA was calculated as a sum of LPA and 
MVPA.
Covariates
The participants’ age, sex and occupational title codes in 
2012 were obtained from the register of pension insur-
ance institute for the municipal sector in Finland. We 
categorised occupations into three classes by the Interna-
tional Standard Classification of Occupations (ISCO)41: 
high=ISCO classes 1–2 (eg, managers and professionals), 
intermediate=ISCO classes 3–4 (eg, technicians and 
clerks) and low=ISCO classes 5–9 (eg, catering personnel 
and manual workers).
For additional analyses, we further used body mass 
index (BMI) and chronic disease, which are shown to 
associate with both neighbourhood characteristics42–44 
and PA.2 3 These variables were not included in the main 
analysis as they may also act as effect modifiers in asso-
ciations between neighbourhood characteristics and 
PA. BMI was calculated from self- reported weight and 
height and categorised into normal weight (<25.0 kg/
m2, including five persons whose BMI was below 18.5 kg/
m2), overweight (25 to <30 kg/m2) and obese (≥30 kg/
m2).45 Chronic disease was based on a question: ‘Has 
your doctor ever told that you have or have had any of 
the following diseases?’. Following diseases were included 
in the chronic disease variable: angina pectoris, myocar-
dial infarction, stroke, intermittent claudication, chronic 
bronchitis, osteoarthritis, osteoporosis, sciatica, fibro-
myalgia, rheumatoid arthritis, depression, other mental 
disorder, migraine and malignant neoplasm. For the anal-
yses, a chronic disease variable was categorised as having 
0, 1, ≥2 diseases, as in a prior study.25
Statistical analyses
We used generalised linear models (Generalized Esti-
mating Equation, GENMOD procedure in SAS with 
normal distribution) for assessing the associations of 
neighbourhood disadvantage and greenness with objec-
tively measured leisure- time total PA, LPA and MVPA 
on working and non- working days (p values for inter-
action for workday×disadvantage×greenness were 0.02 
for total PA, 0.06 for LPA and 0.03 for MVPA). Assump-
tions for generalised linear models include that data are 
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independently distributed, that is, cases are indepen-
dent. However, the GENMOD procedure can model 
the correlation between observations. The dependent 
variable does not need to be normally distributed, but 
it typically assumes a distribution from an exponential 
family (eg, binomial, Poisson, multinomial or normal). 
Distributions of the exposures and outcomes are shown 
in online supplementary figure 1. We adjusted models 
for age, sex, occupational status and accelerometer wear 
time, for which no missing data existed. The associations 
were determined as change (95% confidence limits, CL) 
in daily minutes of PA per 1 SD increase in the neigh-
bourhood characteristics. To examine the interactions 
between neighbourhood disadvantage and greenness in 
relation to leisure- time PA, we added the term ‘disadvan-
tage×greenness’ to models including their main effects 
and the covariates. Equation for the main analysis model 
is the following:
Total PA=a+b1*sex +b2*age +b3*occupational status1 
+b4*occupational status2 +b5* wear time +b8*neighbour-
hood disadvantage +b9*greenness +b10* neighbourhood 
disadvantage *greenness, where a=intercept, bi=regres-
sion coefficient
To illustrate the findings from interaction models, the 
results are presented as the associations on the greenness 
continuums (from −1 SD to +1 SD) with the levels of PA at 
three levels on the neighbourhood disadvantage (−1 SD, 
mean and +1 SD). To further test the significance of the 
three slopes of the disadvantage×greenness interaction, 
we used a simple slope analysis. The test of each coeffi-
cient is a t- test formed by the ratio of the coefficient to its 
standard error (t=b(atZ)/SE(atZ)).46 We also examined 
whether there were interactions of sex or occupational 
status with the neighbourhood characteristics in relation 
to leisure- time PA. This was done because individuals with 
varying sociodemographic indicators may have different 
patterns of use- of- time.47 We observed no such interac-
tions (p values for interactions 0.14–0.40), thus results 
are reported for the total study population only. As an 
additional analysis, we ran models adjusted for BMI and 
number of chronic disease, where those with missing data 
for chronic disease were excluded. Finally, as sensitivity 
analyses, we ran the models by only including partici-
pants who lived in urban areas to rule out biases related to 
characteristics specific to rural areas where high level of 
greenness is likely (total PA only). All statistical analyses 
were performed using SAS V.9.4 (SAS Institute).
Patient and public involvement
PA behaviour is a universal topic, not limited to specific 
patient group, thus no patient or public representatives 
were involved in designing or implementation of the 
study. The main research findings of the FIREA study 
will be published in peer- reviewed scientific journals 
and presented in national and international events and 
conferences as well as disseminated to public via press 
releases, social media and seminars.
RESULTS
Of the participants, 85% were women and mean age was 
62.4 (range from 58 to 64) years. The participants were 
Table 1 Descriptive statistics of the study population 
(n=708) neighbourhood variables and physical activity
Variable n (%) Mean (SD)
Sex (missing –)
  Women 604 (85)
  Men 104 (15)
Occupational status (–)
  High 278 (39)
  Intermediate 200 (29)
  Low 230 (32)
Body mass index (24)
  <25 292 (43)
  25–29.9 262 (38)
  ≥30 130 (19)
Chronic disease (21)
  0 155 (22)
  1 245 (36)
  ≥2 287 (42)
Urban area (–) 631 (89)
Age 708 62.4 (1.2)
Residential neighbourhood*
  Disadvantage index 708 −0.15 (0.6)
  Greenness† 708 0.53 (0.1)
Mean MVPA (min/day)
  Leisure time on working days 708 39 (23)
  Non- working days 708 53 (39)
Mean LPA (min/day)
  Leisure time on working days 708 139 (55)
  Non- working days 708 236 (98)
Mean total PA (min/day)
  Leisure time on working days 708 169 (65)
  Non- working days 708 290 (114)
Mean number of valid 
measurement days
  Leisure time on working days 708 4.4 (1.0)
  Non- working days 708 2.5 (0.98)
Mean minutes of wake wear 
time
  Leisure- time on working days 708 538 (87)
  Non- working days 708 903 (69)
*Participant’s residential 250× square and the eight surrounding 
250×250 m squares.
†Normalised Difference Vegetation Index (range 0–1).
LPA, light physical activity; MVPA, moderate- to- vigorous- 
physical- activity; Total PA, light and moderate- to- vigorous- 
physical- activity.
Tietopalvelu. Protected by copyright.
 o
n
 Septem
ber 19, 2020 at Terveyden ja hyvinvoinnin laitos,
http://bmjopen.bmj.com/
BM
J O
pen: first published as 10.1136/bmjopen-2020-038673 on 16 August 2020. Downloaded from 
5Halonen JI, et al. BMJ Open 2020;10:e038673. doi:10.1136/bmjopen-2020-038673
Open access
evenly distributed into the three occupational statuses 
(table 1). Mean number of valid days of PA measurements 
was 4.4 (SD=1.0) on working days and 2.5 (SD=0.98) on 
non- working days. Pearson correlation coefficient was 
r=−0.10 (p=0.01) for neighbourhood disadvantage and 
index of greenness.
During non- working days, 1 SD increase in neighbour-
hood socioeconomic disadvantage was associated with 
a 6.7 min, although non- significant, decrease in leisure- 
time total PA while 1 SD increase in greenness associated 
with 8.1 min increase in total PA (table 2). However, the 
neighbourhood disadvantage—PA association depended 
on the level of greenness (test of interaction, p value 0.02). 
The beta coefficient for the disadvantage×greenness inter-
action term was 11.6 (95% CL 2.1 to 21.2), indicating a 
stronger association between higher disadvantage and 
higher total PA with higher levels of greenness. Figure 1 
shows that in areas of low disadvantage (−1 SD), higher 
greenness did not associate with the level of total PA (p 
value for slope 0.811/1 SD), while in the areas of high 
disadvantage (+1 SD, p value for slope 0.002/1 SD), the 
interaction indicates 46 (95% CI 8.4 to 85) min more PA 
when greenness was 2 SD higher (from −1 SD to +1 SD) 
when compared with low disadvantage areas. Findings on 
non- working days of the main analysis for both LPA and 
MVPA were in the same direction but only that for green-
ness and LPA reached statistical significance (65 min/day, 
95% CI 7.4 to 122) (table 3). Interactions between disad-
vantage and greenness on non- working days were border-
line significant in the models for MVPA (p value 0.09) 
and significant for LPA (p value 0.03) (table 3).
The results pointed to the same direction when model-
ling differences in leisure- time total PA during working 
days but associations were not statistically significant p 
values ranging from 0.08 to 0.75 (table 2). No interactions 
between neighbourhood disadvantage and greenness 
Table 2 Leisure- time total physical activity by 1 SD increase in neighbourhood disadvantage and greenness
Exposure
Model 1* Model 2†
min/day 95% CI P value min/day 95% CI P value
Non- working days
  Disadvantage −6.7 −14.9 to 1.6 0.11 −9.5 −18.0 to 1.0 0.03
  Greenness 8.1 −0.2 to 16.4 0.06 10.4 2.0 to 18.9 0.02
  Disadvantage×greenness     11.6 2.1 to 21.2 0.02
Working days
  Disadvantage −0.3 −4.6 to 4.0 0.89 −0.83 −5.3 to 3.6 0.71
  Greenness 3.8 −0.5 to 8.0 0.09 4.2 −0.2 to 8.6 0.06
  Disadvantage×greenness     2.2 −2.8 to 7.1 0.39
*Model 1 adjusted for age, sex, occupational status and accelerometer wear time.
†Model 2 adjusted for age, sex, occupational status and accelerometer wear time and interaction of neighbourhood disadvantage and 
greenness.
Figure 1 Minutes of leisure- time total PA on non- working days by disadvantage and greenness. Models adjusted for age, sex, 
occupational status and accelerometer wear time. PA, physical activity. P value for interaction 0.02.
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were observed for working days (p values 0.39 for total 
PA, 0.59 for MVPA and 0.44 for LPA). Additional adjust-
ments for BMI and chronic disease did not markedly 
change the effect estimates (online supplementary tables 
1 and 2). In the sensitivity analyses, restricting the study 
population to those living in urban areas (n=631 with 
mean age of 62.4), the findings were largely similar, the 
association between increasing disadvantage and lower 
level of PA being stronger on non- working (−10.8 min/
day, 95% CI −20.3 to −1.33) than working (−1.96 min/day, 
95% CI −6.88 to 2.96) days in the urban areas (table 4).
DISCUSSION
Using objective high- resolution data on neighbourhood 
characteristics and accelerometer measured leisure- time 
PA in a cohort of ageing workers, we observed that the 
association between neighbourhood socioeconomic 
Table 3 Leisure- time light and moderate- to- vigorous physical activity by 1 SD increase in neighbourhood disadvantage and 
greenness
Exposure
Model 1* Model 2†
min/day 95% CI P value min/day 95% CI P value
LPA
Non- working days
  Disadvantage −3.9 −10.9 to 3.1 0.28 −6.0 −13.2 to 1.3   0.11
  Greenness 7.5 0.4 to 14.5   0.04 9.3 2.0 to 16.5 0.01
  Disadvantage×greenness       8.8 0.6 to 16.9 0.04
Working days
  Disadvantage 0.52 −3.1 to 4.1 0.77 0.1 −3.6 to 3.9 0.95
  Greenness 4.7 1.1 to 8.3 0.01 5.1 1.4 to 8.8 0.01
  Disadvantage×greenness       1.6 −2.5 to 5.8 0.44
MVPA
Non- working days
  Disadvantage −2.8 −5.7 to 0.1 0.06 −3.5 −6.5 to −0.5 0.02
  Greenness 0.58 −2.3 to 3.5 0.69 1.2 −1.8 to 4.1 0.44
  Disadvantage×greenness       2.9 −0.5 to 6.3 0.09
Working days
  Disadvantage −0.83 −2.5 to 0.8 0.33 −1.0 −2.7 to 0.8 0.28
  Greenness −0.97 −2.6 to 0.7 0.26 −0.9 −2.6 to 0.9 0.33
  Disadvantage×greenness       0.5 −1.4 to 2.5 0.59
*Model 1 adjusted for age, sex, occupational status and accelerometer wear time.
†Model 2 adjusted for age, sex, occupational status and accelerometer wear time and interaction of neighbourhood disadvantage and greenness.
Table 4 Leisure- time total (light and moderate- to- vigorous) physical activity by 1 SD increase in neighbourhood disadvantage 
and greenness in urban areas
Exposure
Model 1* Model 2†
 min/day 95% CI P value min/day  95% CI  P value
Non- working days
  Disadvantage −10.7 −20.1 to −1.2 0.03 −10.8   −20.3 to −1.3 0.03
  Greenness 5.4 −3.56 to 14.3 0.24 7.7 −1.7 to 17.0 0.11
  Disadvantage×greenness       9.2 −2.6 to 21.0 0.12
Working days
  Disadvantage −1.9 −6.9 to 3.0 0.44 −2.0 −6.9 to 3.0 0.44
  Greenness 2.6 −2.0 to 7.2 0.27 2.8 −2.0 to 7.7 0.25
  Disadvantage×greenness       1.0 −5.1 to 7.1 0.75
*Model 1 adjusted for age, sex, occupational status and accelerometer wear time.
†Model 2 adjusted for age, sex, occupational status and accelerometer wear time and interaction of neighbourhood disadvantage and 
greenness.
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disadvantage and total PA and LPA depended on the 
level of greenness in the neighbourhood. In areas of high 
disadvantage, 2 SD higher greenness associated with 46 
more total PA minutes on non- working days. In areas of 
low disadvantage, greater greenness did not associate 
with total PA.
To the best of our knowledge, this is the first study 
to examine associations of socioeconomic and natural 
neighbourhood characteristics with total PA separately 
during leisure time on working and non- working days. 
Prior studies have shown increased PA among lower SES 
populations, mostly due to PA associated with walking as 
participants are more likely to use active transportation 
for commuting.48–50 Commuting does not explain our 
findings since there were no associations on working days, 
but our results emphasise the importance of focusing on 
non- working days when PA may take place in residential 
neighbourhoods. One prior study has assessed associa-
tions between neighbourhood characteristics and PA for 
different times of the day reporting stronger associations 
for times when adults were expected to be in their neigh-
bourhood and awake (on weekdays before 9 am or after 
5 pm and on weekends).24 These findings are in line with 
ours, although in that study no information on the partic-
ipants’ working schedules was available. Our results are in 
agreement also with the findings indicating that an indi-
vidual’s level of PA on working days is strongly related to a 
person’s occupation26 and mode of commuting.51
Findings for greenness, when assessed individually, are 
in line with the common hypothesis that greenness would 
increase PA.10 Moreover, we observed an interaction 
for neighbourhood socioeconomic disadvantage with 
greenness in relation to PA on non- working days. In the 
better- off areas, increase in greenness was not associated 
with the level of PA; however, in the areas of high disad-
vantage increase in greenness associated with a notable 
increase in PA. If these findings are replicated in longi-
tudinal settings supporting causal inference, they suggest 
that creating green areas in the disadvantaged areas could 
increase PA of the residents, and subsequently, induce 
public health benefits. The observed interactions also 
suggest that exposure to multiple (vs single) poor neigh-
bourhood characteristics is likely to be more harmful for 
the residents’ activity behaviours. Though one prior study 
has reported that lower and higher income groups had 
similar levels of leisure- time walking in high- walkability 
neighbourhoods,21 there is a need for more research on 
the joint effects of poor neighbourhood characteristics 
on health behaviours and health. These studies are partic-
ularly important regarding greenness as green spaces can 
also play role in the adaptation to climate change.
Some limitations need to be considered when inter-
preting our findings. The study population was female 
dominated and late middle aged, thus limiting the gener-
alisability of the findings to other population groups. 
However, the findings are important in the context of 
ageing workers, because chronic conditions increase with 
age while PA has beneficial effects on the prevention 
and management of several diseases. The used wrist- 
worn accelerometers have some inherent weaknesses, 
including not being able to capture all the activities, such 
as bicycling or weight training. They neither provide 
information about the context of the activity. Differences 
between accelerometer placement and analysis methods 
hinder comparison of results from wrist- worn accelerom-
eters to accelerometers worn on other locations, such as 
hip.52 The measure for greenness was based on data from 
2009 to 2010, whereas the PA measurements took place 
in 2012. The time gap between the measurements may 
have caused some exposure misclassification although 
greenness is likely to vary rather slowly over time in urban 
environments where majority of the participants lived. 
In addition, the greenness measure did not distinguish 
by type or quality of green that may be relevant for PA.53 
A further limitation is that the data were cross- sectional 
and thus we are unable to conclude whether the observed 
associations were exogenous, that is, unrelated to the 
persons’ decision to move to an area due to his/her PA 
preferences.
The main strengths of this study include the high- 
resolution objectively measured exposure and outcome 
variables, which increases the validity of the measures. 
Additionally, the associations were independent of 
important confounders such as individual socioeconomic 
status, and we could distinguish associations for leisure- 
time PA on working and non- working days.
CONCLUSIONS
We observed that neighbourhood socioeconomic disad-
vantage, although non- significantly, and greenness were 
related to the level of PA on non- working days but not on 
leisure- time PA on working days. The results indicate that 
higher neighbourhood disadvantage is associated with 
lower levels of PA, whereas higher greenness is associated 
with higher levels of PA. Importantly, we also observed 
that the association between higher greenness and higher 
level of PA was stronger in the more disadvantaged areas. 
Thus, efforts to add greenness to socioeconomically 
disadvantaged neighbourhoods might reduce inequali-
ties in PA. Additionally, these findings suggest that differ-
entiating between working and non- working days as well 
as interactions between neighbourhood characteristics 
should be considered in future neighbourhood research.
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